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Abstract
Alternaria oxytropis has been reported as an endophyte of species in the genera Astragalus
and Oxytropis (Fabaceae) in the USA and China. Infected plants contain the alkaloid swainsonine
produced by the fungus, and this causes poisoning of grazing animals. Therefore, ecological
investigations are important to clarify the extent of this endophytic association. Seeds of O.
kansuensis were collected from a locality known for indigenous A. oxytropis in China and were
cultured on artificial media under controlled conditions for about two months. Less than 50% of
seeds germinated with colonies of A. oxytropis, however, germination and seedling growth were
influenced by the type of culture media used as well as temperature. Seedling growth with colonies
of the fungus was significantly better on low nutrient media at low temperature (20 °C) than that on
a high nutrient media at high temperature (25 °C). Seedlings with colonies of the fungus on a high
nutrient media were eventually killed by the fungus. It is suggested that the endophytic association
between the fungus and plants is affected by nutritional conditions and temperature.
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Introduction
A new endophytic fungus originally isolated from Oxytropis kansuensis collected in Qinghai,
China, was described as Embellisia oxytropis Q. Wang, Nagao & Kakish. (Wang et al. 2006). Pryor
et al. (2009) transferred this species to a new genus, Undifilum based on phylogenetic analyses and
conidium germ-tube morphology. However, Woudenberg et al. (2013) renamed the fungus as
Alternaria oxytropis (Q. Wang, Nagao & Kakish.) Woudenb. & Crous based on phylogenetic
analysis using sequence data of multi-regions of rDNA. This species has been reported to have
endophytic associations with eight species of Astragalus and three species of Oxytropis in the
western USA (Braun et al. 2003, Ralphs et al. 2008, 2011), and with two species of Astragalus and
six species of Oxytropis in the highlands of China (Wang et al. 2006, Yu et al. 2010, Zhou et al.
2013). Plants containing this endophyte cause poisoning of grazing animals because the alkaloid
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swainsonine is produced by the fungus (Molyneux & James 1982, James et al. 1989, Stegelmeier et
al. 1999, Ralphs et al. 2002, Zhao et al. 2009, Gao et al. 2012). Control measures are thus important
for safe grazing.
Alternaria oxytropis has been detected from all parts of plants (roots, leaves, stems, seeds
and flowers) (Wang et al. 2006, Cook et al. 2009, Reyna et al. 2012). Oldrup et al. (2010) reported
that the fungus was localized in the seed coat of infected plants and demonstrated its transmission
to seedlings with seed embryo cultures of Astragalus lentiginosus and O. sericea collected in Utah,
USA. Ralphs et al. (2011) also demonstrated that the fungus was transmitted to seedlings via seeds.
They planted seeds of A. lentiginosus, A. mollissimus, A. wootonii, and O. sericea collected in the
western USA in containers with sand and peat moss and detected swainsonine after harvesting
plants, although the detection rate was low. Therefore, the fungus transmits to new plants via seeds
and spreads in all tissues of plants. However, the effects of environmental conditions for
transmission and infection of the fungus are not clearly understood.
In this study we collected seeds of O. kansuensis from the type locality of the fungus
(Qinghai, China), and carried out seed germination experiments on artificial media to clarify the
effects of nutritional conditions and temperature for transmission of the fungus to seedings.
Materials & Methods
Seed collection
Plants of O. kansuensis, including seeds, were collected in September 2013 at Mt. Riyue,
Qinghai, China (36°26′33″N, 101°05′48″E, alt. 3820 m), the type locality of A. oxytropis, and kept
in a refrigerator at about 4 °C until use. Endophytic infections of these plants with Alternaria
oxytropis were confirmed by isolating the fungus from the leaves or stems.
Seed culture on media
Seeds of O. kansuensis were removed from plants and soaked for 15 min in sterile distilled
water. They were then surface-sterilized using 70% ethanol for 1min, followed by 1% NaClO for
3–5 min to remove contaminations. The seeds were then rinsed in sterile distilled water (3
changes), dried on sterilized filter paper for 12 h, and transferred to media in glass beakers (100 ml)
containing approximately 30 ml of the artificial medium, potato dextrose agar medium (PDA),
water agar medium (WA) or cornmeal agar medium (CMA). PDA medium contained 200 g potato,
20 g glucose, 6 g agar and 1 L deionized water. WA medium consisted of 6 g agar and 1 L
deionized water, while CMA medium included 10g cornmeal powder and 1 L deionized water.
Three seeds were placed on the media in each beaker, and five of them were used for each medium.
They were incubated in a plant growth chamber (MGC-450H) at 20 °C or 25 °C with 12 h light/12
h dark and remained under these conditions for about two months.
Confirmation of A. oxytropis in seeds or seedlings
Alternaria oxytropis produces a characteristic dark and slow-growing colony on media, as
reported by Wang et al. (2006) and is clearly distinguished from colonies of other contaminating
fungi. Therefore, the presence of the fungus was confirmed by observations of colonies growing on
media from seeds and seedlings. For confirmation of the species, microscopic observations were
also conducted using preparations of mycelia obtained from some colonies.
Results
Germination of seeds
Less than half of the seeds germinated on media under controlled conditions (Table 1), while
about 60% of seeds did not germinate or were contaminated with microorganisms except A.
oxytropis (bacteria or fungi). Contamination rate was higher at 25 °C (WA: 40.0%, CMA: 20.0%,
PDA: 40.0%) than at 20 °C (WA: 6.7%, CMA: 3.3%, PDA: 30.0%). Seeds on PDA were also more
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highly contaminated (20 °C: 30.0%, 25 °C: 40.0%) than those on WA (20 °C: 6.7%, 25 °C: 40.0%)
and CMA (20 °C: 3.3%, 25 °C: 20.0%). Ratio of no germination seed without contamination was
higher at 20 °C (WA: 56.7%, CMA: 56.7%, PDA: 33.3%) than at 25 °C (WA: 26.7%, CMA:
13.3%, PDA: 20.0%) on each medium. Germination of seeds with A. oxytropis (26.7–40.0%) was
mostly higher than that of seeds exclusively germinated (0.0–26.7%) on three media at both
temperatures, except on WA at 25 °C (13.3%).

Fig. 1 – A Two germinated seeds of Oxytropis kansuensis produced seedlings on WA at 20 °C. B
Growth of two seedlings with Alternaria oxytropis on WA at 20 °C. C Growth of one seedling with
A. oxytropis on CMA at 20 °C. D Three killed seedlings covered by A. oxytropis on PDA at 20 °C.
E Growth of one seedling with A. oxytropis on WA at 25 °C. Two killed seedlings covered by A.
oxytropis. F Growth of two seedlings with A. oxytropis on CMA at 25 °C. One killed seedling
covered by A. oxytropis. G Growth of one seedling with A. oxytropis on PDA at 25 °C. H Three
killed seedlings covered by A. oxytropis on PDA at 25 °C.
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Growth of seedlings
Growth conditions of seedlings after germination with A. oxytropis varied between different
media and temperatures (Table 2, Fig. 1). Growth conditions were relatively better at 20 °C than 25
°C, and also better on WA or CM than on PDA. The number of seedlings growing with A.
oxytropis after two months was higher on WA (8 seedlings normally growing/10 total number of
seedlings germinated with the fungus) than CMA (5/15) and PDA (1/15), and also higher at 20 ºC
(10/28) than 25 °C (4/12). Death of seedlings after two months was higher on PDA (14 dead
seedlings /total 15 seedlings) than on WA (2/10) or CMA (10/15), and also higher at 25 ºC (8/12)
than 20 ºC (18/28). Colonies of the fungus associated with seedlings on PDA grew fast and reduced
the growth of seedlings (Fig. 1D, G, H). Some of these seedlings were eventually killed by the
fungus (Fig. 1D, H).
Table 1 Seed condition of Oxytropis kansuensis on media (WA, CMA, PDA)* under 20 °C and
25 °C (%)**
Seed condition

WA
CMA
PDA
20 °C 25 °C 20 °C 25 °C 20 °C 25 °C
Germination with Alternaria oxytropis
26.7 13.3 30.0 40.0 36.7 26.7
Exclusive germination
10.0 20.0 10.0 26.7
0.0 13.3
No germination
56.7 26.7 56.7 13.3 33.3 20.0
Contamination with microorganisms except A. oxytropis 6.7 40.0
3.3 20.0 30.0 40.0
*WA: water agar medium, CMA: corn meal agar medium, PDA: potato dextrose agar medium. **Ratio (%)
is calculated based on total seed number on each medium and each temperature: 30 and 15 seeds were tested
in each medium at 20 °C and 25 °C, respectively.

Table 2 Growth conditions of seedlings* germinated with Alternaria oxytropis after 2 months
incubation on media (WA, CMA, PDA)** at 20 °C or 25 °C
Seedling

WA
CMA
PDA
20 °C
25 °C
20 °C
25 °C
20 °C
25 °C
Total number
8
2
9
6
11
4
Normal growth
6
2
4
1
0
1
Dead seedling
2
0
5
5
11
3
* Number of seedlings is showed among total number of seedlings germinated with A. oxytropis in each
medium and temperatures. ** WA: water agar medium, CMA: corn meal agar medium, PDA: potato
dextrose agar medium.

Discussion
In seed cultures prepared using seeds obtained from O. kansuensis and with A. oxytropis as
an endophyte, some seeds germinated with the fungus on the media but the ratio of seed
germination with A. oxytropis was variable depending on the media and temperatures (13–40%),
and relatively low compared to seeds germinated alone (0–27%), or without germinated seeds (13–
57%) and seeds contaminated with microorganisms except A. oxytropis (3–40%). Oldrup et al.
(2010) and Ralphs et al. (2011) also reported transmission of the fungus via seeds but the rate of
transmission was relatively low. Therefore, it is suspected that the fungus does not infect all seeds
of the plant and some seeds are free from the fungus.
Associations with the fungus and the plant differ among different culture conditions. With a
rich nutrient medium (PDA), the fungus grew very fast around germinating seeds and finally killed
the seedling, however, with WA and CMA media, fungal growth was restricted and seedling
growth was better than for those on PDA. Therefore, it is suspected that the fungus-host association
is affected by nutrient conditions, especially fungal growth conditions. If culture conditions are
suitable for fungal vegetative growth, then the fungus does not have an endophytic association with
the plant for its survival but rather kills the plants as a pathogen. Temperature also affected their
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association. Seedling growth with the fungus at 20 ºC was better than growth at 25 ºC. Although
additional experiments below 20 ºC and above 25 ºC are required, temperature is suspected to be an
important factor for the plant/endophyte association. Plants of O. kansuensis having A. oxytropis as
an endophyte were collected in Qinghai grassland at an altitude of about 3800 m above sea level.
Environmental conditions of this area are very severe for the survival and growth of this plant with
low temperature and poor soil nutrition conditions. Therefore, we suspect that the fungus has
endophytic associations with the plant under these environmental conditions and that these
environmental factors are very important in their association. If conditions change, the endophytic
association is highly affected, and the fungus changes its characters to a pathogen. In this
experiment, we demonstrated the importance of nutrients and temperature for the endophytic
association.
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